Background MicroRNAs (miRNAs) are involved in cancer pathogenesis, apoptosis, and cell growth, thereby functioning as tumor suppressors or oncogenes. However, expression alterations and roles of these miRNAs in pancreatic cancer are largely unknown. We hypothesized that pancreatic cancer may have a unique miRNA profile, which may play a critical role in pancreatic cancer development, progression, diagnosis, and prognosis. Methods Differential expression of 95 miRNAs was analyzed by real time RT-PCR using the QuantiMir System. All 95 miRNAs chosen for the array are based on their potential functions related to cancer biology, cell development, and apoptosis. The expression of miRNAs for pancreatic cancer tissue samples or cancer cell lines was normalized to U6 RNA and compared with those in relatively normal pancreatic tissues or normal human pancreatic ductal epithelial (HPDE) cells. Human pancreatic tissue with chronic pancreatitis also was included for analysis. Results In the initial analysis, the expression of most 95 miRNAs was substantially changed in pancreatic cancer tissues (n = 5) and cell lines (n = 3) compared with relatively normal pancreatic tissues and HPDE cells.
Introduction
Noncoding RNAs are a class of RNAs that do not encode proteins while possessing regulatory functions in gene expression. Noncoding RNAs have drawn a great attention in recent years. The discovery of small interfering RNAs [5] . Mature miRNAs are excised from stem-loop precursors, which are transcribed as part of longer primary transcripts. These primary miRNAs appear to be first processed by the RNase Drosha in the nucleus, after which the precursor miRNAs are exported to the cytoplasm where the RNase Dicer further processes them.
Regulation of miRNA expression has been demonstrated to play a key role in development, cell growth, and differentiation processes in a variety of eukaryotic organisms [6, 7] . Usually, miRNAs are dysregulated in cancers. Some miRNAs are temporally overexpressed in the early stage of cancer progression and they act like oncogenes by promoting proliferation and/or repressing apoptosis. Conversely, some miRNAs with tumor-repressor functions are downregulated in cancers. miRNA expression profiles may be unique in different tumors and from different origins. Both normal and malignant cancer tissues may have specific miRNA expression signatures and show differential expression across tumor types. Several studies have demonstrated altered miRNA expression profile in various hematological and solid tumor entities [1, 2] . For example, a unique expression signature of only 13 miRNAs differentiated more aggressive form of chronic lymphocytic leukemia from the benign one and was found to be associated with the cancer progression [8] . Expression alterations of specific miRNAs appear to be correlated with clinically malignancy or metastatic phenotypes and predict the clinical outcome even better than the mRNA expression data [9] [10] [11] .
Pancreatic cancer is the fourth leading cause of cancer death in the United States [12] . In the United States in 2007, 37,170 new cases were diagnosed, and approximately 33,370 deaths caused by pancreatic adenocarcinoma [13] . Although surgical resection provides a potential cure, approximately 70% patients still develop early recurrence within 6-12 months after surgery. Due to lack of reliable early detection markers, pancreatic tumors are usually in the advanced stage when diagnosed. Moreover, pancreatic tumors have a predilection for early vascular dissemination and metastasis to distant organs. Clearly, the discovery of miRNA alterations in pancreatic cancer not only helps us to better understand the biology of this disease, but more importantly provides new prognostic and diagnostic strategies. Because of the high stability of miRNAs even in poorly preserved specimens, they are expected to be a valuable tool in clinical research and biomarkers discovery.
By Northern blotting analysis, several studies have shown that particular miRNAs were altered in pancreatic cancer tumor tissues [14] [15] [16] [17] [18] [19] [20] . However, these data are incomplete for many miRNAs or not consistent among studies because of limitations of methodologies and/or different conditions and sample sizes of cancer tissues and cell lines. In the current study, we used real-time quantitative PCR-a more reliable detection method-to detect the expression levels of 95 cancer-related miRNAs in wellcontrolled pancreatic cancer specimens and cell lines as well as pancreatitis tissues. This study may discover a unique miRNA profiling pattern for pancreatic cancer and 
Materials and methods

Cell cultures and tissue collections
Human pancreatic cancer cell lines, Panc-1, MIA PaCa-2, BxPC-3, Hs766T, ASPC-1, Capan-1, Capan-2, Panc3.27, HPAF-II, and PL45, were purchased from the American Type Culture Collection (ATCC, Rockville, MD). The human pancreatic ductal epithelium (HPDE) cells were provided as a generous gift from Dr. Ming-Sound Tsao [21, 22] . All cells were cultured as previously described [23] [24] [25] [26] . Human pancreatic adenocarcinoma specimens and their adjacent normal pancreatic tissues (17 pairs) and one pancreatic tissue sample with chronic pancreatitis were collected from patients who underwent surgery according to an approved human protocol at the Baylor College of Medicine (Houston, TX).
miRNA extraction and reverse-transcription Total miRNAs of tissues and cultured cells were extracted and purified using mirVana miRNA Isolation kit (Applied Biosystems/Ambion, Austin, TX) following the manufacturer's instructions. Five microliters of RNA was directly converted to cDNA with the QuantiMir TM RT System (SBI System Biosciences, Mountain View, CA).
Real-time RT-PCR
Differential expression of 95 miRNAs was analyzed by RT-PCR using the QuantiMir System (SBI System Biosciences). All 95 miRNAs chosen for the array are based on their potential roles in cancer, cell development, and apoptosis. The array plate also included the U6 transcript as a normalization signal. The miRNA sequences and primer sequences used in RT-PCR are listed in Table 1 . cDNAs from different cell lines and tissue samples were mixed with SYBR Ò Green Mastermix (Bio-Rad Laboratories, Hercules, CA) plus the universal reverse primer. Specific primers (1 ll) were added each well of the qPCR plate. Expression levels of each mature miRNA were evaluated using comparative threshold cycle (Ct) method as normalized to that of U6 (2 -DCt ). The fold change of each miRNA was calculated from the expression levels between tumor tissues/cells and normal tissues/cells.
Statistical analysis
The expressions of eight miRNAs in cancer tissues or cells and normal tissues or cells were compared with paired Student's t test. Data are presented as means ± standard deviation (SD). p \ 0.05 was considered statistically significant.
Results
Expression of
, and HPDE cells was determined by real-time PCR. After normalization to the control U6 expression, differential expression of miRNAs of pancreatitis tissue compared with normal pancreatic tissues, pancreatic cancer tissues compared with normal pancreatic tissues, and pancreatic cancer cell lines compared with HPDE cells was determined ( Fig. 1; Table 2 ). Substantial differences of the expression profile of 95 mRNAs were observed between cancer and normal tissues or between cancer cell lines and normal HPED cells at the individual basis, indicating potential roles of miRNAs in the cancer formation. These differences indicate the individual characteristics and variability of each case compared with other cases. The relative expression values for these mature miRNAs spanned 6-logs (from 0.01-10,000). A number of miRNAs were increased in most pancreatic cancer tissues and cell types but not in normal tissues and cells as well as the pancreatitis sample.
Validation of eight overexpressed miRNAs in more pancreatic cancer cell lines and surgical specimens From 95 miRNAs, 8 miRNAs (miR-196a, miR-190, miR-186, miR-221, miR-222, miR-200b, miR-15b, and miR-95) were identified to have high expression levels more than 3.3-fold both in pancreatic cancer tissue samples and cell lines compared with that in normal pancreatic tissues and HPED cells. The expression of these miRNAs was further analyzed in more samples of pancreatic cancer and normal pancreatic tissue pairs (n = 17) as well as more pancreatic cancer cell lines (n = 10) by real-time PCR. The incidence of expression increase and average-fold increase of eight miRNAs are shown in Fig. 2 and Table 3 . Compared with normal HPDE cells, the incidence of 10 pancreatic cancer cell lines exhibited elevated levels of miR-196a (100%), miR-190 (100%), miR-186 (90%), miR-221 (100%), miR- 222 (100%), miR-200b (70%), miR-15b (90%), and miR-95 (90%), and the increase levels ranged from 3.3-to 79-fold (p \ 0.01, n = 10; Fig. 2a ). For the pancreatic cancer tissues compared with normal pancreatic tissues, the expression increases (incidence and fold increase) of miR196a (82% and 190), miR-190 (88% and 21), miR-186 Chronic pancreatitis tissue (P2). Pancreatic cancer cell lines (MIA-CaPa2, Panc-1, and BxPC-3). Surgical specimens of pancreatic cancer tissues (T2, T7, T22, T33, and T35). ? the miRNA was increased in cancer tissues or cells, whereas normal control subjects had no expression. The expression of all miRNAs was normalized to the U6 level in all tissue samples and cell types a Compared with the relatively normal human pancreatic ductal epithelium (HPDE)
b Compared with the relatively normal pancreatic tissues Fig. 2b ). These data indicate that these miRNAs may share common pathways in the pancreatic cancer pathogenesis.
Discussion
In the current study, a unique 95 miRNA expression profile was observed in human pancreatic cancer tissues and cell lines, and eight miRNAs (miR-196a, miR-190, miR-186, miR-221, miR-222, miR-200b, miR-15b, and miR-95) were significantly increased in the most of pancreatic cancer tissues and cell lines compared with normal pancreatic tissues and cells. Many of these miRNAs have not been reported in pancreatic cancer. This study provides new opportunities for studying novel molecular pathways of pancreatic cancer pathogenesis and for developing new strategies for pancreatic cancer diagnosis and treatment. The mechanism of action of a specific miRNA is usually involved in its nucleotide complementary pairing to the 3 0 UTR of its specific targeting mRNAs, primarily functioning as a negative regulator by repressing target mRNA translation. miRNAs may directly regulate tissue or organ development and cell differentiation as well as maintain normal functions of many organ systems [27] . The alterations in miRNA expression may play an important role in many diseases, including pancreatic cancer formation. Using the QuantiMir TM RT Kit, we tagged and converted mature miRNAs into detectable and quantifiable cDNAs. We used a highly sensitive real-time PCR analysis to profile 95 cancer-related miRNAs. This method is more reliable and accurate for detection of miRNA expression and has much less technical noise but has greater reproducibility than traditional cDNA microarray or northern blot analysis. All 95 miRNAs chosen for the array have functional implications with regard to their potential roles in cancer, cell development, and apoptosis. Our expression profiling data indicate a large number of miRNAs that are aberrantly expressed in pancreatic cancer tissues and cell lines compared with normal pancreatic tissues and cells. From these profiling data, we observed a diversity nature of miRNA expression among individual pancreatic cancer tissues or cells, which may support the concept of personalized medicine in care of these patients. However, we also observed the expression pattern of many miRNAs was reserved in the most pancreatic cancer tissues and cell lines studied in the current study. For example, eight miRNAs (miR-196a, miR-190, miR-221, miR-222, miR-200b, miR15b, and miR-95) were consistently increased in the majority of pancreatic cancer tissues and cell lines. These data indicate that pancreatic cancer may share some common pathways for cancer pathogenesis by regulation of miRNAs. Many of these miRNAs have not been reported before in pancreatic cancer and their biological functions are largely unknown in pancreatic cancer pathogenesis.
Bloomston et al. [16] reported that the high expression of miR-196a-2 was found to predict poor survival in patients with pancreatic cancer. miR-196a involves organ development by negatively regulating Hoxb8 [28] . miR-190 was found to be upregulated in human hepatocellular carcinomas [7] . The miR-200 family has been shown to regulate epithelial to mesenchymal transition (EMT) by targeting ZEB1 and SIP1. However, miR-200b was markedly downregulated in cells that had undergone EMT in response to transforming growth factor (TGF)-beta or to ectopic expression of the protein tyrosine phosphatase Pez [29] . Overexpression of miR-15b sensitized human gastric cancer cells to anticancer drugs by targeting BCL2 [30] . Inhibition of miR-95 decreased cell growth in HeLa cells [31] . miR-221 was reported to be overexpressed in glioblastoma [32] and in thyroid cancer [33] . miR-221 and miR-222 are clustered on the X chromosome, and both of them are predicted to regulate cell cycle by targeting on kit [33] and p27Kip1 [8] . Our data showed that miR-222 was increased in pancreatic cancers at the level similar to miR-221. Based on the miRNA profiling and their functional studies, miRNA/RNAi-based therapeutics could be attractive strategies for pancreatic cancer treatment.
Conclusions
Pancreatic cancer may have a unique miRNA expression pattern at each individual basis. However, common pathways for pancreatic cancer pathogenesis may exist. Our study suggests that the expression of eight miRNAs (miR196a, miR-190, miR-221, miR-222, miR-200b, miR-15b, and miR-95) was significantly increased in the majority of pancreatic cancer tissues and cell lines. Further investigations are required for determination of their molecular functions and mechanisms as well as characterization of these miRNAs as prognostic and/or diagnostic markers in pancreatic cancer. Because miRNAs may regulate multiple oncogenic pathways, they may serve as potential targets for cancer therapy. For examples, antagomirs and chemically modified antisense nucleotides for miRNAs can be used to silence specific endogenous miRNA in vivo [34] . This may provide a novel strategy to treat pancreatic cancer.
